P. STOCKS
Trend of death-rates attributed to lung cancer in England and Wales. Table I gives the mean annual death-rates per million living at different ages for each sex in six periods of years from 1.911-20 to 1945-49 England and Wales, 1911-1949 . Ages 25 and over. Ratio of 1911 Ratio of -20. 1921 Ratio of -30. 1931 Ratio of -35. 1936 Ratio of -39. 1940 Ratio of -44. 1945 Ratio of -49. 1945 Ratio of -49 to 1936 Table III shows that the apparent effect of urban environment was more pronounced amongst men than women, particularly between ages 45 and 75. (Stocks, 1936 (Stocks, , 1937 (Stocks, , 1939 . Black patches appeared on the map in London and neighbouring counties, the West Riding and Nottingham. In a monograph from the General Register Office in 1947 I pointed out that there was an inverse correlation between the annual amounts of sunshine recorded in 20 large towns and their lung cancer mortalities; and, after allowing for the effects of latitude, concluded that " the only explanations . . . which seem adequate are that either smokiness of atmosphere is an important factor in itself in producing cancer of the lung or sunshine is an important factor in preventing its incidence" (Stocks, 1947) . At that time I still had to work upon the rates for 1921-30, and failed to find any significant correlation either in the large towns or in the Metropolitan Boroughs between lung cancer mortality and the social class or overcrowding indices.
Recent research on correlation with tobacco smoking.
Between 1930 and 1946 the recorded rates in England and Wales as a whole had been rising steadily, and to a surprising extent even when increasing use of X rays was considered. Consequently the Medical Research Council called a conference to advise whether any useful research could be undertaken to throw light on the causes. The outcome was the appointment of a small working party to initiate a statistical study of tobacco-smoking histories of lung cancer patients and of controls. The result of that study was published in September, 1950 (Doll and Hill, 1950) , and in my view it proved beyond doubt, in conjunction with American evidence of the same kind (Wynder and Graham, 1950 ) that tobacco smoking is a very important factor in the causation of lung cancer. It did not prove, however, that tobacco smoking is the only important factor in causation. It has been suggested that the figures could mean that 90 per cent of the lung cancer occurring in Greater London is caused by tobacco; but they do not necessarily mean that, and there are reasons for thinking that the proportion is -much lower, and that atmospheric pollution may be an additional factor. These reasons derive from some statistical facts not hitherto published. 1946 to 1949. In the four years 1946 to 1949 the deaths of males attributed to lung cancer in England and Wales averaged 8183 annually, and of females 1774. In 1950 deaths of males exceeded 10,250 and those of females were just short of 2000, and in 1951 the total reached 13,000. The numbers show no sign of levelling out, and were increasing by about 8 per cent annually during the period 1946-49. Table IV , which shows that at ages 35-45 the increase was 6-fold, and at 55-75 it was more than 11-fold. How much of this enormous increase has been due to more complete detection of the disease and how much to increased incidence we can only surmise. For London County as a whole, allowing for age changes, male mortality increased about 8-fold between the two periods; and it is now about 60 per cent greater than in the country as a whole, and 21 times the rate for rural districts. Detailed . Of these, 9 were in or served as dormitories to large conurbations, and the other two also had large populations. Of the next 12 in descending order, Halifax, East Ham, Croydon, Birkenhead, Huddersfield, Wallasey, Wolverhampton, Bradford and Stockport were in large conurbations, the other three being Hull, Swansea and York. At the lower end of the list were 13 towns with ratios below 50, of which only South Shields was in a conurbation. For females the order was much the same, 8 towns having ratios over 130 being, in descending order, Bootle, Leeds, Birmingham, Huddersfield, Manchester, Sheffield, Chester and Liverpool; whilst at the lower end were 13 towns, mostly small, with ratios less than 50.
Mortality in London in
This curious relation with size of continuous urban area suggested a similar study of London and the'County Boroughs for the most recent period of 1946-49, using the local populations by ages as ascertained by the Registrar-General at the end of 1947 and applying England and Wales rates at 6 age groups to them to calculate " expected "' deaths. In Table VI , wherever two or more towns or London were actually contiguous like Manchester, Stockport and Salford they have been grouped into a single area, and the 70 resulting units arranged in descending order of the number of occupied dwellings at the last census, the present population densities per acre being also given. The reason for this arrangement is that amount of atmospheric pollution by smoke from dwellings must be some function of (1) the total area over which dwellings are spread' more or less continuously, (2) the density of dwellings per acre, and (3) the meteorological behaviour of the air as a whole.
Correlation with extent and density of built-up area.
If lung cancer is caused in part by atmospheric pollution through smoke from domestic chimneys the rate would be expected to increase as the total number of inhabited dwellings in the vicinity increases, and it should also be positively 1.05 :tY Within the groups having less than 50,000 occupied dwellings there was a large range of mortalities for individual towns, explicable by the small numbers of deaths and consequent chance variation, and by special peculiarities. For example the seaside resorts Brighton, Southend, Eastbourne and Southport had rather high rates, but they are dormitory towns and places to which many men retire after working or living in London, Manchester and Liverpool, and are therefore exceptions which would " prove the rule". St. Helens, Warrington, Cardiff and Swansea also had higher rates than their sizes appeared to warrant. There appears to be a general tendency, however, for lung cancer mortality to increase with total number of chimneys until the dwellings exceed 100,000, after which some other factor must be invoked to account for the very high rates in London, Manchester and Merseyside. That other factor could be density per acre, which is 41 in the London area, and 25 in Manchester and Merseyside, compared with 20 in the Birmingham and 11 in the Leeds group. Taking all the County Boroughs separately, there is a correlation coefficient of 0A47 between lung cancer mortality and persons per acre.
Whatever may have been the position about differing completeness of diagnosis and certification 20 years ago, they could hardly now account for such definite relations between lung cancer death rates and the extent and density of built-up areas; nor can it be supposed that people smoke twice as much tobacco in large towns as in small. The facts, including those brought out in Tables II and III, seem to fit in with the hypothesis that atmospheric pollution by smoke is an important factor on which tobacco smoking is superimposed. The carcinogenic substance, whatever it is, might be common to both kinds of smoke, or these might contain different irritants. The findings of Waller (1952) and of Goulden, Kennaway and Urquhart (1952) lung cancer in that area was due to tobacco alone, it could not be squared; but, remembering that about one-third of the female patients with lung cancer had not smoked, the figures are not incompatible if it be supposed that the effects of tobacco and atmospheric pollution are additive. This is easier to perceive in terms of an analogy. Suppose there are set out in a garden 50 jars with capacities ranging from 5 to 10 pints, one-fifth each holding 6, 7, 8 and 9 pints, and one-tenth each holdingfrom the relative frequencies found amongst non-smokers and smokers of 10, 20, 30 , 40 cigarettes a day in Greater London alone. It will be necessary to do similar studies amongst residents of rural areas, where it is conceivable that smoking does not begin to show an appreciable relation with incidence of lung cancer until the number of daily cigarettes is at a higher level than appears to be the case in London. In terms of the water jar analogy, if the experiment is repeated where the rainfall is smaller and contributes only 3 pints a year instead of 5, overflow would only begin at the 3rd row and then increase. This would mean, in effect, that smoking is more dangerous to a town dweller than to a country dweller.
This hypothesis is no more than a theory which seems to fit most of the statistical findings so far available. It has not been proved, and may be found later to be untenable. It can be tested, however, and plans are now ready, thanks to the British Empire Cancer Campaign, and its Cheshire and North Wales Group, to collect data during the next five years throughout North Wales and Liverpool Hospital Region in the hope of elucidating this hypothesis about lung cancer at the same time as other field studies are being made concerning pathogenesis of cancer of the stomach and other organs. In that work the hospitals, radium institutes and medical officers of health are co-operating.
Although, as one is continually reminded, statistics in themselves cannot establish causation, and in common with other types of cancer research they often lead up blind alleys, they can start what biochemists and pathologists will finish, and they may even succeed in making sense out of a chaos of isolated findings by other research workers. It seems possible that this may happen sooner for lung carcinoma than for any other form of cancer.
In conclusion, I have to acknowledge my indebtedness to the RegistrarGeneral for access to unpublished details of deaths in 1931-46, and to former colleagues at the General Register Office who helped in their extraction.
